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(57) A directional coupler for a modem has a high 
common mode noise rejection characteristic with low 
transmit signal leakage, and reduced distortion of com- 
ponents mixed with a received signal. A primary filter 
network is connected to a communications circuit. The 
primary filter network has an output connected to an in- 
put of an amplifier. A feedback network is connected be- 



tween the input and output of the amplifier. The primary 
filter network, the amplifier and the feedback network 
are arranged to provide a virtual ground at the input of 
the amplifier, and a filter characteristic which attenuates 
frequencies in the transmit signal band. The advantage 
is reduced component count while providing excellent 
transmit signal rejection and reducing received signal 
distortion. 
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Description 
TECHNICAL FIELD 

[0001 ] The present invention relates in general to data 
signal processing and, in particular, to a hybrid circuit 
within a modem for coupling to a telephone line to Im- 
prove received signal discrimination. 

BACKGROUND OF THE INVENTION 

[0002] Most users of data communications services 
access data communications networks (e.g. the Inter- 
net) using dial-up connections established through the 
Public Switched Telephone Network (PSTN). The PSTN 
is still substantially an analog communications network 
designed, before the advent of digital communications, 
to transmit sounds in the audible range of the human 
voice. 

[0003] Digital data is transported across the PSTN by 
converting the data into an analog signal that is trans- 
mitted by varying, or modulating, the frequency, phase, 
amplitude or other characteristic of a carrier signal. The 
modulation is perfomried by a modem attached to a 
standard telephone line referred to as a "locai loop". 
When analog signals are received from other modems 
in the PSTN, the receiving modem performs an opposite 
function by demodulating the received analog signal to 
convert it back into digital data. 

[0004] Analog signals are simultaneously transmitted 
and received by the modem through the local loop. Thus 
the local loop carries a mixed signal that includes a com- 
bination of both transmit (Tx) signals being sent by the 
modem, and receive (Rx) signals being received by the 
modem. The modem must therefore separate the Tx 
and Rx signals so that a substantially uncorrupted Rx 
signal can be supplied to the demodulation portion of 
the modem. The separation of the Tx and Rx signals is 
commonly performed using a circuit known as a hybrid 
circuit, which is located between the modem's modula- 
tion/demodulation circuits and the local loop. 
[0005] As is well known in the art, a classical hybrid 
circuit includes a line driver that energizes a line trans- 
former through an impedance (typically a resistor) cho- 
sen to provide an appropriate termination impedance for 
the local loop (which is usually a complex value). In or- 
der to separate the Rx signals from the mixed signal on 
the local loop, the signal line is tapped at a first tap point 
(proximal the line transfonner) and supplied to a sum- 
ming circuit (typically a differential amplifier). The Tx sig- 
nal is also supplied to the summing circuit by tapping at 
a second tap point in a compensation network. The pur- 
pose of the compensation network is to provide a branch 
line from the line driver (source of Tx signals) in which 
the strength of the Tx signal is directly proportional (pref- 
erably equal) to the Tx signal strength at the first tap 
point, whilethe Rx signal strength is strongly attenuated. 
The summing circuit can then isolate the Rx signal from 
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the mixed signal by finding a difference between the sig- 
nals obtained at the first and second tap points. 
[0006] In practice, the effectiveness of this classical 
hybrid circuit depends on the match between the imped- 

5 ance of the line (2line) ^"^^I that of the compensation 
network (Zbal)- particular, if Zbal^'^'^une (where k is 
a constant) at all frequencies, then the summing circuit 
will completely remove the Tx signal from the mixed sig- 
nal, and none of the Tx signal will "leak" past the sum- 

10 ming circuit. 

[0007] However, the impedance of the local loop can- 
not be matched by a generic compensation network, be- 
cause it depends on several factors (e.g. loop length, 
physical properties, loop topology, and the presence of 

15 bridged taps, etc.) that are termination-specific. Conse- 
quently in practice, Zqalo'^'^une least some of 
the Tx signal will leak past the summing circuit. This Tx 
signal leakage appears as noise, in the Rx signal sup- 
plied to the demodulator of the modem. This noise (Tx 

20 leakage) may include distortion components generated 
by the line driver, and may also cause distortions in the 
demodulator that fall in the Rx signal frequency band 
and cannot be separated from the useful Rx signal. 
[0008] Additionally, at a minimum usable Rx signal 

25 strength, common-mode noise originating from multiple 
sources (e.g., Vcc, ground, capacitive coupling, etc.) 
may rival the Rx signal strength. If this occurs, the Rx 
signal integrity will be severely compromised, resulting 
in an unacceptably low signal-to-noise ratio. 

30 [0009] It is known that Tx signal leakage can be re- 
duced by inserting filters between the tap points and the 
summing circuit. The filters can be tuned to attenuate 
signals in theTx frequency band, without attenuating the 
Rx signals. While such filters reduce Tx signal leakage, 

35 the filter circuits may induce the same distortion prob- 
lems discussed above, resulting in distortion compo- 
nents (within the Rx frequency band) that are applied to 
the inputs of the summing circuit. As is well known, those 
distortion components cannot be separated from the 

40 useful Rx signal. In addition, the filter circuits do not ad- 
dress problems associated with common-mode noise. 
[0010] As taught in United States Patent No. 
5,822,426 (Rasmus et al.), which issued October 13, 
1998, the problem of common-mode noise can be ad- 

45 dressed by using a balanced pair of line drivers, respec- 
tively generating complementary Tx+ and Tx- signals (or 
by inverting the mixed signal derived at the second (Tx) 
signal tap). This effectively eliminates common-mode 
noise supplied to the input of the summing amplifier that 

50 extracts the Rx signal. However, Rasmus et al. do not 
address the problems of Tx signal leakage or distortion. 
[0011] Accordingly, there remains a need for an im- 
proved circuit for coupling a modem receiver (demodu- 
lator) to a signal line that carries transmit and receive 

55 signals simultaneously. 
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SUMMARY OF THE INVENTION 

[0012] It is therefore a general object of the present 
invention to provide a directional coupler which over- 
comes the above-mentioned limitations of the prior art. 
[0013] Another object of the present invention is to 
provide a directional coupler having high common- 
mode noise rejection and low transmit signal leakage, 
while substantialiy avoiding distortion of components 
mixed with a received signal. 

[0014] These objects are met by the combination of 

features of the independent claims. Further optional fea- 
tures of specific embodiments of the invention are de- 
fined in the sub-claims. 

[0015] Accordingly, an aspect of the present invention 
provides a directional coupler for coupling a signal re- 
ceiver to a communications circuit having a signal line 
adapted to simultaneously carry a transmit (Tx) signal 
sourced from a line driver circuit and a receive (Rx) sig- 
nal and a compensation network connected to an output 
of the line driver for balancing an impedance of the sig- 
nal line. The directional coupler circuit comprises a pri- 
mary network connected to the communications circuit 
and having a respective primary network output; an am- 
plifier having a respective amplifier input connected to 
the primary network output, and a respective amplifier 
output connected to the receiver; and a feedback net- 
work connected between the amplifier input and the am- 
plifier output. The primary network, the amplifier, and 
feedback networi< are arranged to provide a virtual 
ground at the amplifier input 

[0016] A further aspect of the present invention pro- 
vides a modem comprising: a communications circuit for 
coupling a signal source of the modem to a telecommu- 
nications network, the communications circuit compris- 
ing a signal line adapted to simultaneously carry a trans- 
mit (Tx) signal sourced from a line driver circuit and a 
receive (Rx) signal having a frequency differing from 
that of the Tx signal and a compensation network con- 
nected to an output of the line driver for balancing an 
impedance of the signal line; and a directional coupler 
for coupling a signal receiver of the modem to the com- 
munications circuit. The directional coupler circuit com- 
prises: a primary network connected to the communica- 
tions circuit and having a respective primary network 
output; an amplifier having a respective amplifier input 
connected to the primary network output, and a respec- 
tive amplifier output connected to the receiver; and a 
feedback network connected between the amplifier in- 
put and the amplifier output. The primary network, the 
amplifier, and feedback network are arranged to provide 
a virtual ground at the amplifier input. 
[0017] Preferably, the primary network and feedback 
network are adapted to cooperate to provide a notch fil- 
ter characteristic of the directional coupler circuit, the 
notch filter characteristic having a center frequency sub- 
stantially corresponding to a frequency of the Tx signal. 
Alternatively, the primary network and feedback network 



can be adapted to cooperate to provide a 2nd order 

chebychev filter characteristic. 

[0018] In an embodiment of the invention, the primary 
network comprises: a first Input connected to the signal 

5 line for receiving a mixed signal; a second input opera- 
tively connected to the compensation network for re- 
ceiving a compensation signal; and a filter network con- 
nected between the first and second filter inputs and the 
primary network output. 

10 [0019] In an embodiment of the invention, the filter 
network comprises a partially-split 4-port RC network 
connected between the first and second inputs and the 
primary network output. Preferably, the partially-split 
4-port RC network comprises: an output portion com- 

15 prising a resistor and a capacitor connected in parallel 
to the primary network output; and a pair of input por- 
tions connected between respective ones of the first and 
second inputs and the output portion, each input portion 
comprising a resistor connected in series with the resls- 

20 tor of the output portion, and a capacitor connected in 
series with thecapacitor of the output portion. Still more 
preferably, the partially-split 4-port RC network further 
comprises: a resistor connected between ground and a 
junction between the capacitors of the input and output 

25 portions; and a capacitor connected between ground 
and a junction between the resistors of the input and 
output portions. 

[0020] In another embodiment of the invention, the 
primary network comprises a 4-port RC network con- 

30 nected to the first and second inputs via respective first 
and second resistances. Preferably, the 4-port RC net- 
work comprises first and second branches connected in 
parallel, the first branch comprising a pair of series con- 
nected resistors and a capacitor connected between 

35 ground and a junction between the series connected re- 
sistors; and the second branch comprising a pair of se- 
ries connected capacitors and a resistor connected be- 
tween ground and a junction between the series con- 
nected capacitors. 

40 [0021] In a still further embodiment of the invention, 
the primary network comprises: a first 4-port RC network 
connected between the first input and the primary net- 
work output; and a second 4-port RC network connected 
between the second input and the primary network out- 

45 put. preferably, each 4-port RC network comprises first 
and second branches connected in parallel, the first 
branch comprising a pair of series connected resistors 
and a capacitor connected between ground and a junc- 
tion between the series connected resistors; and the 

50 second branch comprising a pair of series connected 
capacitors and a resistor connected between ground 
and a junction between the series connected capacitors. 
[0022] In an embodiment of the invention, the feed- 
back network comprises first and second branches con- 

55 nected in parallel, the first branch comprising a pair of 
series connected resistors and a capacitor connected 
between ground and a junction between the series con- 
nected resistors; and the second branch comprising a 
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capacitor. 

[0023] In an embodinnentof the invention, the primary 
network output comprises a controllable gain stage. 
Preferably, the controllable gain stage comprises an at- 
tenuation network connected in parallel with a gain con- 
trol switch. The attenuation network Is preferably adapt- 
ed to attenuate a signal substantially without altering the 
filter characteristic of the directional coupler. The atten- 
uation network can comprise a pair of series connected 
resistors, and a capacitor connected in parallel with one 
of the pair of series connected resistors. Preferably, the 
gain control switch is adapted to selectively bypass the 
attenuation network. 

[0024] Thus the present invention provides a direc- 
tional coupler for a modem having a high common mode 
noise rejection characteristic with low transmit signal 
leakage, and reduced distortion of components mixed 
with a received signal. A primary filter network is con- 
nected to a communications circuit. The primary filter 
network has an output connected to an input of an am- 
plifier. A feedback network is connected between the in- 
put and output of the amplifier. The primary filter net- 
work, the amplifier and the feedback network are ar- 
ranged to provide a virtual ground atthe input of the am- 
plifier, and a filter characteristic which attenuates fre- 
quencies In the transmit signal band. An advantage of 
this arrangement is reduced component count while 
providing excellent transmit signal rejection and reduc- 
ing received signal distortion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Further features and advantages of the 
present invention will become apparent from the follow- 
ing detailed description, taken in combination with the 
appended drawings, in which: 

FIGs. 1a to 1c schematically illustrate basic ele- 
ments in a directional coupler in accordance with an 
embodiment of the present invention; 

FIG. 2 schematically illustrates a modem hybrid cir- 
cuit incorporating the directional coupler shown in 

FIG. 1; 

FIGS. 3a and 3b schematically illustrate a modem 
hybrid circuit incorporaling a directional coupler in 
accordance with a second embodiment of the 
present invention; 

FIG. 4 schematically illustrates a fully balanced hy- 
brid circuit Incorporating a pair of directional cou- 
plers in accordance with the embodiment shown in 
FIG. 3a; 

FIG. 5 schematically illustrates a second fully bal- 
anced hybrid circuit incorporating a pair of direction- 
al couplers in accordance with the embodiment 



shown in FIG. 3a; 

FIG. 6 schematically illustrates a modem hybrid cir- 
cuit incorporating a directional coupler in accord- 
5 ance with a third embodiment of the present inven- 
tion; and 

FIG. 7 schematically illustrates a modem hybrid cir- 
cuit incorporating a directional coupler in accord- 
10 ance with a fourth embodiment of the present inven- 
tion. 

[0026] It will be noted that throughout the appended 
drawings, like features are identified by like reference 
IS numerals. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

20 [0027] In the following description, numerous specific 
details are set forth to provide a thorough understanding 
of the present invention. However, it will be obvious to 
those skilled in the art that the present invention may be 
practiced without such specific details. In other instanc- 

25 es, well-known circuits have been shown in block dia- 
gram form in order not to obscure the present invention 
in unnecessary detail. For the most part, details con- 
cerning timing considerations and the like have been 
omitted inasmuch as such details are not necessary to 

30 obtain a complete understanding of the present inven- 
tion and are within the skills of persons of ordinary skill 
in the art. 

[0028] The present invention provides a directional 
coupler circuit 2, as shown in FIG. la, usable in a hybrid 

35 circuit of a modem. The directional coupler 2 enables 
the modem receiver (demodulator) to be connected to 
a communication circuit 4 of a frequency-duplexed two 
wire transmission system. The directional coupler 2 
achieves both directional isolation and significant fre- 

40 quency discrimination to reduce the level of transmitted 
signal contamination which must be handled by the re- 
ceiver. The directional coupler 2 generally comprises a 
primary stage 6; an amplifier 8 coupled between the pri- 
mary stage 6 and the modem receiver (not shown) ; and 

45 a feedback network 10 coupled between the output 12 
and Input 14 of the amplifier 8. Preferably, the primary 
stage 6 includes first and second inputs 16, 18 for con- 
nection with the communications circuit 4; a primary 
stage output 20 connected between an amplifier 8 and 

50 feedback network 1 0; and at least one filter network cou- 
pling the first and second inputs 16, 18 to the primary 
stage output 20, In the embodiment of FIG. 1 a, the pri- 
mary stage comprises a pair of filter networks 22a, 22b 
connected in parallel, 

55 [0029] As shown in FIG. 1b, each filter network 22 is 
a 4-port resistor-capacitor (RC) network consisting of a 
resistor branch 24 connected in parallel with a capacitor 
branch 26. The resistor branch 24 includes a pair of se- 
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ries connected resistors R1 and R2, and a capacitor C3 
connected between ground and a junction 28 between 
the two resistors R1 and R2. Similarly, the capacitor 
branch 26 includes a pair of series connected capacitors 
C1 and C2 and a resistor R3 connected between ground 
and a junction 30 between the two capacitors CI , C2. 
Those skilled in the art will understand that the filter net- 
work 22 has the same structure as a twin-T notch filter. 
In fact, the filter network 22 preferably provides a notch 
filter characteristic, and preferably attenuates frequen- 
cies in the frequency band of transmit signals sent by 
the modem through the communications circuit 4. How- 
ever, the behavior of the filter network 22 differs signifi- 
cantly from that of a classical twIn-T notch filter, in that 
the shape of the filter characteristic is determined by an 
interaction between the filter network 22 and the feed- 
back network 10 of the directional coupler 2. The pres- 
ence of the virtual ground 20 at the amplifier Input 14 
also has an impact on Its behavior. 
[0030] As shown in FIG. 1 c, the feedback network 1 0 
preferably includes a modified 4-pole RC network hav- 
ing a resistor branch 32 and a capacitor branch 34. As 
in the primary stage filter network 22 described above, 
the resistor branch 32 comprises a pair of series con- 
nected resistors R4 and R5, and a capacitor C5 con- 
nected between ground and the junction 36 between the 
two resistors R4, R5. However, in the feedback network 
1 0, the capacitor branch 34 comprises a single capacitor 
C4 connected in parallel with the resistor branch 32, and 
lacks a ground connection. This structure of the feed- 
back network 10 also provides a filtering characteristic, 
and preferably also attenuates signals in the frequency 
band of the transmit signals. As mentioned above, the 
overall shape of the fitter characteristic of the directional 
coupler 2 is determined by interaction between the feed- 
back network 1 0 and the primary stage filter network(s) 
22. Preferably, the overall shape of the notch filter char- 
acteristic is a 2nd order elliptic function. However, a 2nd 
order chebychev filter characteristic Is also usable in the 
present invention. 

[0031] The amplifier 8, which may be a conventional 
operational amplifier, is connected between the primary 
stage output 20 and the modem receiver (demodulator 
- not shown), in parallel with the feedback network 10. 
[0032] The overall structure of the directional coupler 
2 illustrated in FIGs. 1 a-c may be referred to as a "single 
feedback bi-quad" having the following characteristics: 

• a virtual ground at the amplifier input 1 4 eliminates 
common mode voltage at the amplifier input 1 4; 

• signals input at the first and second primary stage 
Inputs 1 6,1 8 are summed, to thereby enable extrac- 
tion of receive signals from the mixed signals In the 
communications circuit 4; and 

• the primary stage filter networks) 22 and the feed- 
back network 1 0 cooperate to provide significant f 11- 
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tering (filtering power of a complex pole plus a com- 
plex zero) and gain reduction applied to the signal 
prior to the amplifier 8. This reduces the voltage 
handling and linearity requirements of the amplifier 
5 8 and the modem receiver (not shown) , with conse- 

quent reductions in power consumption. 

[0033] It will be understood that there are many cir- 
cuits which possess a virtual ground, and therefore re- 
duce distortion possibly due to common mode effects- 
However, the single feedback bl-quad structure of the 
present invention has a further advantage that current 
input to the summing point from the signals at the pri- 
mary stage Inputs 1 6, 1 8 Is minimized over a significant 
part of the overall reject band. This reduces the current 
which must be provided from the amplifier output 1 2 via 
the feedback network 10, and thus further reduces the 
possibility of distortion. Additionally, the amplifiers does 
not need to exhibit a high open-loop gain in this part of 
the band. 

[0034] FIG. 2 illustrates the directional coupler of 
FIGs. la-c connected to a conventional communica- 
tions circuit (hybrid) of a modem. In the illustrated em- 
bodiment, the communications circuit 4 Includes a sig- 
nal line 38 and a compensation network 40. The signal 
line 38 comprises a transmit line driver 42 which drives 
a line transformer through an impedance (e.g., a resist- 
ance) Rg. For convenience, the impedance of the line 
transfomrierand local loop are represented by an Imped- 
ance (e.g., principally an inductance) ZyNE. The com- 
pensation network 40 is connected to the output of the 
line driver 42, and is designed to balance Rq and Zline- 
Thus in the illustrated embodiment, the compensation 
network 40 consists of impedances kRo and Zb/^l, which 
are arranged symmetrically about the line driver 42 with 
respect to Rq and ZLi^gg. 

[0035] As shown In FIG. 2, the directional coupler 2 Is 
connected to the communications circuit 4 by connect- 
ing the first and second primary stage Inputs 16, 1 8 to 
the communications circuit at points A and B respective- 
ly. The first input 16, connected at point A, receives a 
mixed signal carried on the signal line 38, including the 
transmit (Tx) signal generated by the line driver 42. and 
receive signals received through the line transformer. 
The second input 1 8 is coupled to the compensation net- 
work 40 at point B, and thus receives a compensation 
signal. By virtue of the symmetry between the signal line 
38 and compensation network 40, the compensation 
signal contains the Tx signal having a strength directly 
proportional (preferably equal) to the transmit signal 
component of the mixed signal obtained at point A of the 
signal lino 38. However, receive signals received 
through the line transformer are attenuated by Rq and 
kRo, so that the level of the receive signal component 
of the compensation signal is significantly lower than 
that of the mixed signal. The compensation signal is 
preferably inverted by an inverter 44 which. If desired, 
may also act to adjust the amplitude of the compensa- 
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tion signal prior to its being applied to the primary stage 
filter network 22b. 

[0036] Using the above structure, the receive signals 
can be extracted from the mixed signal by summing the 
mixed and compensation signals received at the first 
and second inputs 16, 18 of the primary stage 6. This 
arrangement eliminates common mode noise at the in- 
put 14 of the amplifier 8, so the receive signal (and the 
receiver itself) Is well protected against common mode 
noise. Transmit signal leakage (due to unavoidable im- 
balance between the line impedance (Zli^^^) and the 
compensation network impedance (Zg^^J effectively 
filtered by the combination of the primary stage filter net- 
work 22 and feedback network 1 0, before being applied 
to the amplifier input 14, so distortion components are 
significantly reduced. The structure of the invention per- 
mits up to a second order elliptic function which has 
good rejection properties, further improving the distor- 
tion. The primary stage filter nelwork(s) 22 and feedback 
network 1 0 of this single feedback bi-quad structure can 
be configured to implement either a high pass or a low 
pass response. Consequently, this same arrangement 
can be equally applied to a modem serving a host com- 
puter (e.g., at a customer premises), and a modem In a 
central office, or some other remote location. 
[0037] As shown in FIG. 3 the primary stage 6 can be 
readily modified to implement receive signal gain control 
functionality, with either gain or attenuation. Preferably, 
this is accomplished by adding a controllable gain stage 
46 connected between the filter network(s) 22a, b and 
the input 14 of the amplifier 8. The controllable gain 
stage 46 includes an attenuation network 34 (FIG. 3b) 
connected in parallel with a gain control switch 48. As 
shown in FIG. 3b, the attenuation network 34 preferably 
includes a pair of series connected resistors R6, R7, and 
a capacitor C6 connected in parallel with the resistor R6. 
This arrangement provides attenuation of the receive 
signal (of, for example, approximately 3dB), without sig- 
nificantly altering the shape of the in-band filter charac- 
teristic provided by the combination of the filter network 
(s) 22 and feedback network 1 0. The gain control switch 
48 is connected to bypass the attenuation network 34, 
and thereby enables control of receive signal attenua- 
tion by the modem. 

[0038] FIGs. 4 and 5 show respective exemplary im- 
plementations in which the directional coupler 2 of FIG. 
3a is coupled for use in fully balanced communications 
circuits 4. As is known in the art, in a fully balanced com- 
munication circuit complementary transmit signals (Tx+ 
and Tx-) are generated by respective line drivers and 
used to drive opposite sides of the line transformer. A 
compensation network is provided for Impedance 
matching, and is conveniently connected as a bridge be- 
tween the respective signal lines carrying the comple- 
mentary transmit signals. 

[0039] In the embodiment shown in FIG. 4, each of 
the two signal lines 38a, 38b (connecting respective line 
drivers 42a, 42b and the line transformer (Zli^e) in- 



cludes a respective resistance Rq. The compensation 
network 40 forms a bridge between the signal lines 38a, 
38b, and, in order to maintain symmetry with the signal 
lines 38a, 38b and line transfomrier Zy^E' includes an 

5 inductance Zbal series connected between two resist- 
ances kRo- Due to the symmetry of the commu nications 
circuit 4, and the fact that the transmit signal Tx- is in- 
verted with respect to its complementary transmit signal 
Tx+, the signals obtained at points A1 and B1 will be 

10 inverted with respect to each other, and will also be in- 
verted with respect to the corresponding signals ob- 
tained at A2 and B2. 

[0040] Using this arrangement, a receive signal Rx+ 
can be obtained by connecting a directional coupler 2a 

15 so that one of the primary stage Inputs 1 6 is connected 
to a "positive" signal line 38a at point A1 to thereby re- 
ceive a "positive" mixed signal. The other primary stage 
Input 1 8 is connected to the conrjpensation network 40 
at point B1 , and therefore receives a "negative" com- 

20 pensation signal (i.e., which is inverted with respect to 
the "positive" mixed signal obtained at point A1). Simi- 
larly, a "negative" receive signal Rx- can be generated 
by connecting a second directional coupler 2b to points 
A2 ("negative" mixed signal) and B2 ("positive" compen- 

25 sation signal) as shown in FIG. 4. It will be apparent that 
the use of inverters 44 to invert the compensation sig- 
nals, as shown in FIGS. 2 and 3a, are not necessary 
with a fully balanced communication circuit 4, as invert- 
ed compensation signals can be obtained by tappi ng the 

30 compensation network 40 at appropriate points. 

[0041] The embodiment shown in FIG. 5 is similar to 
that shown in FIG. 4, except that each signal line 38a, 
38b includes a respective line transformer coil L1 and 
L2, which are separated by a resistance Rq. In order to 

35 maintain symmetry, the arrangement of inductances 
Zqal sncl resistances kRQ of the compensation network 
40 is reversed (with respect to the embodiment shown 
in FIG. 4). As In the embodiment of FIG. 4, a compen- 
sation signal obtained at point B1 of the compensation 

40 network 40 is inverted with respect to the mixed signal 
obtained at point A1 of signal line 38a. Similarly, a com- 
pensation signal obtained at B2 Is Inverted with respect 
to a mixed signal obtained at A2 of signal line 38b. Thus 
complementary receive signals Rx-i- and Rx- can be ex- 

•^5 tracted by connecting respective directional couplers 
2a, 2b to the communications circuit 4 in the manner 
discussed above with respect to FIG. 4. 
[0042] FIGs. 6 and 7 respectively show alternative 
embodiments of a directional coupler 2 in accordance 

50 with the present invention. For simplicity, in each case 
the directional coupler 2 is shown connected to a simple 
(unbalanced) communications circuit 4, in the manner 
Illustrated in FIGs. 2 and 3. Furthermore, attenuation 
networks 46 have been omitted from these embodi- 

55 ments. It will be appreciated, however, that the embod- 
iments of FIGs. 6 and 7 can be readily applied to fully 
balanced communications circuits 4, by connecting the 
primary stage inputs 1 6, 18 to appropriate points on the 
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signal line 38 and compensation networl< 40 as dis- 
cussed above with respect to FIGs. 4 and 5. Similarly, 
attenuation networks 46 can be readily inserted be- 
tween the filter network 22 and the amplifier input 14 if 
desired. 

[0043] In the embodiment shown in FIG. 6, the prima- 
ry stage is modified.by eliminating one filter network 22, 
and connecting the remaining filter network 22 to both 
of the primary stage inputs 1 6, 18 via respective resist- 
ances R8, R9. This reduces the parts count and com- 
ponent cost, by removing the problem of component 
matching between two parallel filter networks 22a, 22b. 
However, the additional resistances, and the fact that 
the mixed and compensation signals are summed up- 
stream of the remaining filter network 22, may result In 
some alteration of the overall filter characteristics pro- 
duced by the combination of the remaining filter network 
22 and feedback network 10. 

[0044] The embodiment shown in FIG. 7 enables a 
reduced parts count, and reduces the problem of com- 
ponent matching (both relative to the case of two parallel 
filter networks 22a, b) by using a partially split filter net- 
work 22'. The filter network 22' can be considered to 
have an input end and an output end. Referring briefly 
to FIG. 1a, the input end comprises a resistor (R1) and 
a capacitor (CI ) proximal the inputs 1 6, 1 8 of the primary 
stage 6. The remainder of the filter network 22V which 
consists of resistors R2 and R3, and capacitors C2 and 
C3, forms the output end. As shown in FIG. 7, the input 
end of the filter network 22' is split into two equal input 
branches 50 and 52 both of which are connected to the 
output end, which remains unmodified. Thus, the input 
resistor R1 of the filter network (s) 22 (see FIG. lb) Is 
replaced by two parallel resistances R1 R1 each hav- 
ing a resistance value twice that of R1 . The input capac- 
itor CI is replaced by two parallel capacitors CV, CI" 
each having a capacitance value one half that of CI . 
[0045] Each Input branch 50.52 of the partially split 
filter network 22' Is connected to a respective primary 
stage input 16, 18. Thus one input branch 50 receives 
the mixed signal from the signal line 38 of the commu- 
nication circuit 4, while the other input branch 52 re- 
ceives the compensation signal from the compensation 
network 40. By suitably matching component values be- 
tween each input branch 50, 52 of the partially split filter 
network 22', the original filter characteristics (i.e., the fil- 
ter characteristics obtained with two parallel filler net- 
works 22) can be preserved. However, because the out- 
put end of the filter network 22' does not have to be du- 
plicated, the total parts count and the difficulties asso- 
ciated with component matching between two parallel 
filter networks 22a, 22b are reduced, 
[0046] The embodiments of the invention described 
above are Intended to be exemplary only. The scope of 
the invention is therefore intended to be limited solely 
by the scope of the appended claims. 



Claims 

1. A directional coupler for coupling a signal receiver 
to a communications circuit having a signal line 

s adapted to simultaneously carry a transmit (Tx) sig- 
nal sourced from a line driver and a receive (Rx) 
signal having a frequency differing from that of the 
TX signal and a compensation network connected 
to an output of the line driver for balancing an im- 

10 pedance of the signal line, CHARACTERISED IN 
THAT the directional coupler circuit comprises: 

a) a primary network connected to the commu- 
nications circuit, the primary network attenuat- 

15 ing frequencies in a frequency band of the Tx 

signal, and having a primary network output; 

b) an amplifier having ap amplifier input con- 
nected to the primary network output, and an 

20 amplifier output connected to the receiver; and 

c) a feedback network for attenuating frequen- 
cies in a frequency band of the Tx signal, and 
connected between the amplifier input and the 

25 amplifier output; 

wherein the primary network, the amplifier, 
and feedback network are arranged to provide a vir- 
tual ground at the amplifier input. 

30 

2. A directional coupler as claimed in claim 1 , CHAR- 
ACTERISED IN THAT the primary networi< and 
feedback network are adapted to cooperate to pro- 
vide a 2nd order filter characteristic of the direction- 
's al coupler circuit, the 2nd order filter characteristic 

having a cut-off frequency selected such that a fre- 
quency of the Tx signal Is attenuated. 

3. A directional coupler as claimed in claim 2, CHAR- 
40 ACTERISED IN THAT the 2nd order filter charac- 
teristic of the directional coupler circuit is a notch 
filter characteristic having a center frequency sub- 
stantially corresponding to a frequency of the Tx 
signal. 

45 

4. A directional coupler as claimed in claim 2, CHAR- 
ACTERISED IN THAT the 2nd order filler charac- 
teristic of the directional coupler circuit is a 
Chebychev filter characteristic. 

50 

5. A directional coupler as claimed in claim 1 , CHAR- 
ACTERISED IN THAT the primary network com- 
prises: 

55 a) a first input connected to the signal line for 

receiving a mixed signal; 



b) a second Input operativeiy connected to the 
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compensation network for receiving a compen- 
sation signal; and 

c) a filter network connected between the first 
and second inputs and the primary network out- 
put. 

6. A directional coupler as claimed in claim 5, CHAR- 
ACTERISED IN THAT the filter network comprises 
a partially-split 4-port resistor-capacity (RC) net- 
work connected between the first and second inputs 
and the primary network output. 

7. A directional coupler as claimed in claim 6, CHAR- 
ACTERISED IN THAT the partially-split 4-port RC 
network comprises: 

a) an output portion comprising a resistor and 
a capacitor connected in parallel to the primary 
network output; and 

b) a pair of input portions connected between 
respective ones of the first and second inputs 
and the output portion, each input portion com- 
prising a resistor connected in series with the 
resistor of the output portion, and a capacitor 
connected in series with the capacitor of the 
output portion. 

8. A directional coupler as claimed in claim 7, 
CHARACTERISED IN THAT the partially-split 
4-port RC network further comprises; 

a) a resistor connected between ground and a 
junction between the capacitors of the input and 
output portions; and 

b) a capacitor connected between ground and 
a junction between the resistors of the input and 
output portions. 

9. A directional coupler as claimed in claim 5, CHAR- 
ACTERISED IN THAT the primary network com- 
prises a 4-port RC network connected to the first 
and second inputs via respective first and second 
resistances. 

10. A directional coupler as claimed in claim 9, CHAR- 
ACTERISED IN THAT the 4-port RC network com- 
prises first and second branches connected In par- 
allel, the first branch comprising a pair of series con- 
nected resistors and a capacitor connected be- 
tween ground and a junction between the series 
connected resistors; and the second branch com- 
prising a pair of series connected capacitors and a 
resistor connected between ground and a junction 
between the series connected capacitors. 



11. , A directional coupler as claimed in claim 5, CHAR- 
ACTERISED IN THAT the primary network com- 
prises: 

5 a) a first 4-port RC network connected between 

the first input and the primary network output; 
and 

b) a second 4-port RC network connected be- 
10 tween the second input and the primary net- 

work output;. 

12. A directional coupler as claimed in claim 1 1 , CHAR- 
ACTERISED IN THAT each 4-port RC network 

15 comprises first and second branches connected in 
parallel, the first branch comprising a pair of series 
connected resistors and a capacitor connected be- 
tween ground and a junction between the series 
connected resistors; and the second branch com- 
20 prising a pair of series connected capacitors and a 
resistor connected between ground and a junction 
between the series connected capacitors. 

13. A directional coupler as claimed In claim 1 , CHAR- 
TS ACTERISED IN THAT the feedback network com- 
prises first and second branches connected in par- 
allel, the first branch comprising a pair of series con- 
nected resistors and a capacitor connected be- 
tween ground and a junction between the series 

30 connected resistors; and the second branch com- 
prising a capacitor. 

14. A directional coupler as claimed in claim 5, CHAR- 
ACTERISED IN THAT the primary network output 

35 comprises a controllable gain stage. 

15. A directional coupler as claimed in claim 14, CHAR- 
ACTERISED IN THAT the controllable gain stage 
comprises an attenuation network connected in 

40 parallel with a gain control switch. 

16. A directional coupler as claimed in claim 15, CHAR- 
ACTERISED IN THAT the attenuation network is 
adapted to anenuate a signal substantially without 

45 altering an In -band filter characteristic of the direc- 
tional coupler. 

17. A directional coupler as claimed in claim 15, CHAR- 
ACTERISED IN THAT the attenuation network 

50 comprises a pair of series connected resistors, and 
« a capacitor connected in parallel with one of the pair 
of series connected resistors. 

18. A directional coupler as claimed in claim 1 5, CH AR- 
55 ACTERISED IN THAT the gain control switch is 

adapted to selectively bypass the attenuation net- 
work. 
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19. A modem CHARACTERISED IN THAT: 

a) a communications circuit couples a signal 
source of the modem to a telecommunications 
network, the communications circuit compris- 
ing a signal line adapted to simultaneously car- 
ry a transmit (Tx) signal and a receive (Rx) sig- 
nal and a compensation network connected to 
the signal line for balancing an impedance of 
the signal line; 

b) a directional coupler couples a signal receiv- 
er of the modem to the communications circuit, 
the directional coupler circuit comprising: 

i) a primary network connected to the com- 
munications circuit, the primary network 
being tuned to attenuate frequencies in a 
frequency band of the Tx signal, and hav- 
ing a respective primary network output; 

ii) an amplifier having a respective amplifier 
input connected to the primary network 
output, and a respective amplifier output 
connected to the receiver; and 

ill) a feedback network tuned to attenuate 
frequencies in a frequency band of the Tx 
signal, and connected between the ampli- 
fier Input and the amplifier output; and 

c) the primary network, the amplifier, and feed- 
back network are arranged to provide a virtual 
ground at the amplifier input. 

20. A modem as claimed in claim 19^ CHARACTER- 
ISED IN THAT the signal line comprises first and 
second signal line impedances connected in series 
between a transmit line driver and the local loop, 
the first input being connected to the signal line be- 
tween the first and second signal line impedances. 

21. A modem as claimed in claim 20, CHARACTER- 
ISED IN THAT the first signal line impedance is a 
resistor, and the second signal line impedance is an 
inductance. 

22. A modem as claimed in claim 21 , CHARACTER- 
ISED IN THAT the second signal line impedance 
comprises a coil of a line transformer connecting the 
signal line to the local loop. 

23. A modem as claimed in claim 20, CHARACTER- 
ISED IN THAT the compensation network compris- 
es first and second compensation impedances con- 
nected in series, the second input being connected 
to the compensation network between the first and 
second compensation impedances. 



24. A modem as claimed in claim 23, CHARACTER- 
ISED IN THAT the first compensation impedance is 
a resistor, and the second compensation imped- 
ance is an inductance. 

5 

25. A modem as claimed in claim 19, CHARACTER- 
ISED IN THAT the primary network and the feed- 
back network are adapted to cooperate to provide 
a notch filter characteristic of the directional coupler, 

10 the notch filter characteristic having a center fre- 
quency substantially corresponding to a frequency 
of the Tx signal. 

26. A modem as claimed In claim 1 9, CHARACTER- 
'S ISED IN THAT the primary network comprises: 

a) a first input connected to the signal line for 
receiving a mixed signal; 

20 b) a second input operatively connected to the 

compensation network for receiving a compen- 
sation signal; and 

c) a filter network connected between the first 
25 and second inputs and the primary network out- 

put. 

27. A modem as claimed in claim 26, CHARACTER- 
ISED IN THAT the filter network comprises a par- 

30 tially-split 4-port resistor-capacity (RC) network 

connected between the first and second filter inputs 
and the primary network output. 

28. A modem as claimed in claim 27, CHARACTER- 
35 ISED IN THAT the partially-split 4-port RC network 

comprises: 

a) an output portion comprising a resistor and 
a capacitorconnected -in parallel to the primary 

40 network output; and 

b) a pair of input portions connected between 
respective ones of the first and second inputs 
and the output portion, each input portion com- 

45 prising a resistor connected in series with the 

resistor of the output portion, and a capacitor 
connected in series with the capacitor of the 
output portion. 

so 29. A modem as claimed in claim 28, CHARACTER- 
ISED IN THAT the partially-split 4-port RC network 
further comprises: 

a) a resistor connected between ground and a 
55 junction between the capacitors of the input and 

output portions; and 

b) a capacitor connected between ground and 
a junction between the resistors of the input and 
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output portions. 

30. A modem as claimed in claim 21, CHARACTER- 
ISED IN THAT the filter network comprises a 4-port 

RC network connected to the first and second in- 
puts via respective first and second resistances. 

31. A modem as claimed in claim 30. CHARACTER- 
ISED IN THAT the 4-port RC network comprises 
first and second branches connected in parallel, the 
first branch comprising a pair of series connected 
resistors and a capacitor connected between 
ground and a junction between the series connect- 
ed resistors; and the second branch comprising a 
pair of series connected capacitors and a resistor 
connected between ground and a junction between 
the series connected capacitors. 



ISED IN THAT the attenuation network is adapted 
to attenuate a signal substantially without altering a 
filter characteristic of the directional coupler 

5 38. A modem as claimed in claim 36, CHARACTER- 
ISED IN THAT the attenuation network comprises 
a pair of series connected resistors, and a capacitor 
connected in parallel with one of the pair of series 
connected resistors. 

to 

39. A modem as claimed In claim 36, CHARACTER- 
ISED IN THAT the gain control switch Is adapted to 
selectively bypass the attenuation network. 

75 



32. A modem as claimed In claim Z7, CHARACTER- 
ISED IN THAT the filter network comprises: 20 

a) a first 4-port RC network connected between 
the first filter Input and the primary network out- 
put; and 

25 

b) a second 4-port RC network connected be- 
tween the second filter input and the primary 
network output;. 

33. A modem as claimed in claim 32, CHARACTER- 30 
ISED IN THAT each 4-port RC network comprises 
first and second branches connected in parallel, the 
first branch comprising a pair of series connected 
resistors and a capacitor connected between 
ground and a junction between the series connect- 35 
ed resistors; and the second branch comprising a 
pair of series connected capacitors and a resistor 
connected between ground and a junction between 

the series connected capacitors. 

40 

34. A modem as claimed in claim 19, CHARACTER- 
ISED IN THAT the feedback network comprises first 
and second branches connected in parallel, the first 
branch comprising a pair of series connected resis- 
tors and a capacitor connected between ground 
and a junction between the series connected resis- 
tors; and the second branch comprising a capacitor. 

35. A modem as claimed in claim 27. CHARACTER- 
ISED I N THAT the primary network output compris- ^0 
es a controllable gain stage. 

36. A modem as claimed in claim 35, CHARACTER- 
ISED IN THAT the controllable gain stage compris- 
es an attenuation network connected in parallel with 55 
a gain control switch. 

37. A modem as claimed in claim 36, CHARACTER- 
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